The prevalence and risk factors of hypertension vary in ethnic groups. This study aimed to estimate the hypertension prevalence and to compare risk factors associated with hypertension in women of four ethnic groups in Taiwan. The study subjects were participants in the Taiwanese Survey on Hypertension, Hyperglycemia and Hyperlipidemia (TwSHHH) enrolled in 2002. In this analysis, only 2810 women who were at age of 20-80 years old and whose father and mother had same ethnic background (Minnan, Hakka, Aborigines or Mainland Chinese) were included. Results showed that there were significant ethnic differences in the prevalence of hypertension, obesity indices, fasting glucose, dyslipidaemia, hyperuricaemia, history of alcohol drinking and tobacco smoking and socioeconomic status. Aborigines had the highest prevalence of hypertension (28.6%) and diabetes mellitus (8.9%), whereas the Minnan group had the second highest prevalence of hypertension (19.2%) and diabetes mellitus (7.9%). Both age and central obesity were associated with an increased prevalence of hypertension except central obesity in Mainland Chinese in all four ethnic groups. Compared with the Mainland Chinese as the referent, the multivariateadjusted odds ratio (OR) (95% CI) was 1.19 (0.63-2.26), 1.92 (1.15-3.21) and 2.03 (1.00-4.12) for Hakka, Minnan and Aborigines, respectively. Elevated body mass index (X27.0 vs o24.0 kg m À2 ) and central obesity were significantly associated with hypertension showing multivariate-adjusted OR (95% CI) of 1.68 (1.18-2.38) and 1.95 (1.48-2.57), respectively. In addition, dyslipidaemia, hyperuricaemia and diabetes associated with higher OR for hypertension in Minnan women. In conclusion, there were ethnic variations in hypertension prevalence and determinants in Taiwanese women.
Introduction
Taiwanese inhabitant originate from different ethnicities. The general population in Taiwan is composed of 73% Minnan, 17% Hakka, 8% Mainland Chinese and 2% Aborigines. Both Minnan and Hakka are descendants of early immigrants from Fujian and Guangdong of southeast China, respectively, during the past 400 years or earlier.
1,2 During this early migration period, especially in the late Min Dynasty and Chin Dynasty, settlers intermarried with existing indigenous tribes after arrival, mainly with the plain tribes but also with the mountain tribes. 2 After World War II, mostly after 1949, Mainland Chinese migrated from different provinces of China to Taiwan. 1 Aborigines in Taiwan have a similar ethnic background of islanders in South Pacific.
Hypertension is a well-established risk factor for cardiovascular disease (CVD) morbidity and mortality. 3 Satisfactory control of hypertension clearly reduces the incidence of CVD and lowers its health-care expenditure. 4 Hypertension, a multifactorial disorder, results from the interaction of a complex set of environmental and genetic factors, which may vary with ethnicity, gender and geography. 5, 6 It is essential to elucidate the prevalence and risk factors of hypertension, the most common atherosclerotic risk factor, for women to develop effective and efficient strategies for the prevention of CVD.
As the risk factors for hypertension identified in one ethnic group may not be applicable to other groups, epidemiological studies aim to identify the determinants of hypertension in different gender and ethnic groups living in specific geographic areas that are of special public health interest. As the nationwide Taiwanese survey on Hypertension, Hyperglycemia and Hyperlipidemia (TwSHHH) conducted in 2002, 7 we can take advantage to explore the ethnic variations of hypertension and other cardiovascular risk factors. The specific aims of this study included (1) the estimation of hypertension prevalence in women of four ethnic groups in Taiwan, and (2) the elucidation of risk factors associated with hypertension in different ethnic groups.
Methods

Study design
The study subjects included in this analysis were participants in the TwSHHH in 2002. They were randomly selected from the National Health Interview Survey (NHIS) of Taiwan (2001) conducted by the National Health Research Institutes and Bureau of Health Promotion, Taiwan. 7, 8 The NHIS incorporated a multistaged stratified systematic sampling scheme. The 359 township/districts in Taiwan were first grouped into seven strata according to geographic location and degree of urbanization. Townships or districts in each stratum were selected by probability proportional to their size. In the NHIS, there were 10 292 participants at ages of 15 years or older in the representative sample. In 2002, the TwSHHH survey applied a multistage, stratified, and random sampling to select a total of 7566 participants for the standardized examination of hypertension, hyperglycaemia and hyperlipidaemia. There were 3088 male and 3391 female participants aged X19 years old who agreed to participate in the TwSHHH, included in our recent report of hypertension prevalence, awareness, treatment and control in Taiwan. 7 In this study, the analysis of ethnic variation in hypertension prevalence and risk factors in Taiwanese women, only 2810 female TwSHHH participants age at 20-80 years old and whose father and mother had same ethnic background (Minnan, Hakka, Aborigines or Mainland Chinese) were included. Subject's both parents did not have the same ethnicity was excluded in the analysis. Ethical committee of National Taiwan University College of Public Health approved this study.
Blood pressure measurement and diagnosis of hypertension Two blood pressure measurements were obtained by certified interviewers as recommended by the American Heart Association. 9 If the two blood pressure measurements differed by more than 10 mm Hg, a third measurement was made, and the two closest measurements were then averaged. The measurement was taken with the use of a calibrated mercury sphygmomanometer and cuffs of the appropriate size, with the participant seated and at rest for 5-10 min, and with the participant's arm raised to the same height as the heart. The participant was further advised not to walk, run, or lift heavy objects within 30 min of blood pressure measurement. Because the data analysis of TwSHHH was performed and reported in 2003, we applied the criteria of hypertension published in 2003, in which hypertension was diagnosed according to the seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC-7). 4 Hypertension was defined as an average systolic blood pressure X140 mm Hg or an average diastolic blood pressure X90 mm Hg and/or self-reported use of antihypertensive medications.
Definitions of cardiovascular characteristics After 9-12 h of overnight fasting, blood samples were collected for measurements of glucose, total cholesterol, high-density lipoprotein cholesterol and triglyceride using an automatic multichannel chemical analyser (Hitachi 7450, Hitachi Corp., Tokyo, Japan) at the central laboratory. Low-density lipoprotein cholesterol level was derived from Friedewald's formula. Diabetes mellitus was defined as plasma fasting glucose X126 mg per 100 ml or receiving hypoglycaemia agent. Central obesity was defined as waist circumference X80 cm for women or X90 cm for men according to the criteria for Asian. The body mass index (BMI) was calculated by dividing the weight in kilograms by the square of the height in metres. BMI X27.0 kg m À2 was considered as obesity, and BMI between 24.0 and 26.9 kg m À2 was considered as overweight. Habits of alcohol drinking and tobacco smoking were defined as more than once a week, obtained by a self-reported questionnaire. Exercise habit was defined as at least three times of regular exercise for 30 min or above, or duration of exercise equivalent per week.
Hypercholesterolaemia was defined as serum levels of cholesterol equal to or above 240 mg per 100 ml or low-density lipoprotein cholesterol equal to or above 160 mg per 100 ml. Dyslipidaemia was defined as triglyceride level equal to or above 150 mg per 100 ml or high-density lipoprotein cholesterol below 50 mg per 100 ml. Hyperuricaemia was defined as serum level of uric acid above 8.0 mg per 100 ml. History of gout was obtained from the selfadministered structured questionnaire. Subjects with hyperuricaemia or gout were assigned as hyperuricaemia. The high-fat diet was defined as more than 50% in frequency that more than 5 among 10 score to have a habit of fatty diet based on structured questionnaire. Education level was defined as low if duration of education equal as or less than 9 years. The low-income level was defined as personal income less than NT$20 000 (about US$600) per month.
Data analysis
In the data analysis, continuous variables were shown in mean±s.d., whereas binary variables were shown in percentage (%). Cardiovascular risk factors were compared in four ethnic groups of Taiwanese women. Age-adjusted odds ratios (OR) of being affected with hypertension were estimated for Ethnic variation of hypertension in Taiwanese women T-C Su et al each risk factors stratifying by ethnic groups using logistic regression analysis. Power estimation was calculated based on participants from different ethnic groups also confirmed statistically enough to make the comparison between ethnic groups. Multiple logistic regression models were used to calculate multivariate-adjusted OR for risk factors associated with hypertension in four ethnic groups and all groups combined. A P-value o0.05 was considered significant. Data analysis was performed with SAS statistical software (version 8.2, SAS Institute Inc, Cary, NC, USA). Table 1 showed the cardiovascular risk factors in all women participants and in four ethnic groups separately. The overall mean age (standard deviation) was 45.2 (14.6) years old. The overall prevalence was 32.6% for central obesity, 12.2% for BMI X27.0 kg m À2 , 19.0% for hypertension, 7.5% for diabetes mellitus, 4.0% for alcohol drinking history and 3.6% for tobacco smoking history. There was no significant difference in age and prevalence of diabetes mellitus among four ethnic groups. There was significant ethnic difference in the prevalence of central obesity, BMI X27.0 kg m À2 , alcohol drinking history and tobacco smoking history; with the highest prevalence observed in the Aborigines. Aborigines had the highest prevalence of hypertension (29.5%) and diabetes mellitus (8.9%), whereas the Minnan group had the second highest prevalence of hypertension (19.2%) and diabetes mellitus (7.9%). There were significant difference in waist circumference, systolic blood pressure, diastolic blood pressure and plasma fasting glucose among four ethnic groups. Aborigines also had the highest mean waist circumference (83.5±11.9 cm), systolic blood pressure (118.2 ± 21.6 mm Hg), diastolic blood pressure (76.6 ± 13.5 mm Hg) and plasma fasting glucose (100.3±42.4 mg per 100 ml).
Results
Prevalence of dyslipidaemia and hyperuricaemia was more prevalent in Aborigines. An inferior socioeconomic status in Aborigines was noted significantly different from other ethnic groups. Table 2 showed the prevalence of hypertension in all women participants and in four ethnic groups separately. Hypertension prevalence increased with older age, elevated BMI, central obesity and diabetes mellitus in all four ethnic groups. There was no consistent relation between hypertension prevalence and history of alcohol drinking and tobacco smoking. Higher prevalence of hypertension was observed among alcohol drinkers and cigarette smokers in Aborigines and Mainland Chinese, but not in the Hakka and Minnan. Dyslipidaemia and hyperuricaemia also associated with higher prevalence of hypertension in all ethnic groups except hyperuricaemia in Hakka group. Low education and income levels associated with significant higher prevalence of hypertension in all ethnic groups except low-income level in Hakka group. Table 3 showed the age-adjusted OR of being affected with hypertension for various cardiovascular Ethnic variation of hypertension in Taiwanese women T-C Su et al A significant association with hypertension prevalence was observed only for the history of alcohol drinking in the Mainland Chinese, and only for the central obesity in the Hakka and Aborigines. A significant increase in OR of hypertension was found in those with diabetes, dyslipidaemia and hyperuricaemia, specifically in Minnan group.
The results of multiple regression analyses of hypertension prevalence for all women participants in Taiwan are shown in Table 4 . After adjustment for age and history of alcohol drinking and tobacco smoking, both Aborigines and the Minnan had significantly higher hypertension prevalence than Mainland Chinese and the Hakka as shown in All models were analysed by controlling for age, dyslipidaemia, hyperuricaemia, diabetes mellitus, high-fat diet, education level, income level, BMI, central obesity and alcohol drinking status. BMI, body mass index.
Ethnic variation of hypertension in Taiwanese women T-C Su et al Model 1. The central obesity and BMI were included in Models 2 and 3, respectively; both of them were significantly associated with hypertension prevalence in addition to the ethnic group. As expected, diabetes mellitus, dyslipidaemia and hyperuricaemia (or gout) were significantly associated with hypertension in addition to age, BMI and central obesity after adjustment for lifestyle and socioeconomic status in the multiple linear regression models. There remained significant ethnic difference in hypertension prevalence after multivariateadjustment as shown in the Model 4. Compared with the Mainland Chinese as the referent group, the multivariate-adjusted OR (95% CI) was 1. In the multivariate regression analyses stratified by four ethnic groups shown in Table 5 , both age and central obesity were associated with an increased prevalence of hypertension in Aborigines, Hakka and Minnan ethnic groups. All the ORs were statistically significant except for the central obesity in the Mainland Chinese (OR, 2.46; 95% CI, 0.68-8.94). In addition, a significant association with hypertension prevalence was also observed for the habit of alcohol drinking in the Mainland Chinese women (OR, 4.47; 95% CI, 1.06-16.57) and those with obesity, diabetes, dyslipidaemia and hyperuricaemia in the Minnan women.
Discussion
The most significant finding of this study was the ethnic variation in hypertension prevalence of women in Taiwan. Obesity in terms of waist circumference or BMI was significant risk factor for hypertension. In addition to age, obesity indices, diabetes mellitus, hyperuricaemia and dyslipidaemia were found significantly associated with the prevalence of hypertension after multivariate-adjustment for lifestyle and socioeconomic status. The observed higher hypertension prevalence in Minnan and Aborigines compared with Mainland Chinese suggests that some characteristics may affect the development of hypertension.
A twin study on CVD in Taiwan showed a significant heritability of blood pressure. 10 A crosssectional family study clearly demonstrated the significant familial aggregation in systolic and diastolic blood pressure, indicating the existence of major gene effect in adult Taiwanese. 11 The CARDIA study in the United States found regional differences in changes of blood pressure and hypertension prevalence in a cohort at four sites (Chicago, Minneapolis, Oakland and Birmingham) over 7 years. 12 It is likely that a genetic predisposition influences the phenotypic variation of blood pressure and hypertension in any individual in response to an environmental stressor. 13 In this study, the significant ethnic variation in hypertension prevalence may result from the interaction between genetic and environmental components. In addition to the different genetic background among ethnic groups in Taiwan, 2, 14 there were significant differences in lifestyles and dietary habits among four ethnic groups.
15,16 A significant regional variation in the prevalence of hypertension and hyperuricaemia, with the highest in Mountainous area (mainly Aborigines) was reported in the first national survey, NHSIT. 16, 17 Furthermore, we demonstrated that hyperuricaemia, diabetes and dyslipidaemia associated with prevalence of hypertension, specifically in Minnan women in this study. Body of evidence support hypertension a complex disease strongly associated with dyslipidaemia and insulin resistance. 18 Hyperuricaemia has been considered an independent predictor for hypertension incidence in longitudinal cohort studies. 19, 20 We have also confirmed hyperuricaemia as a predictor of cardiovascular events in a populationbased cohort study in Taiwan. 21 Thus, the strong associations of hypertension with hyperuricaemia, diabetes and dyslipidaemia in Taiwanese women, specifically in Minnan group, indicated that the early diagnosis and management of cardiometabolic disarrangements are very important in the prevention and management of hypertension and CVD.
Obesity is a well-established risk factor for CVD and hypertension. 22 Increases in BMI and waist circumference are associated with increased prevalence and incidence of hypertension and CVD. [22] [23] [24] Our study found both central obesity and higher BMI (at 24 kg m À2 or higher) were significantly associated with the prevalence of hypertension, especially in the Minnan group. In addition to hypertension, the highest prevalence of central obesity, elevated BMI, dyslipidaemia, hyperuricaemia (or gout) and diabetes mellitus in the Aborigines revealed poor general cardiovascular profiles in the Aborigines. A high prevalence of alcohol drinking and tobacco smoking habit was also observed in the Aborigines. However, alcohol drinking habit was found with a four times risk for prevalence of hypertension only in the Mainland Chinese but not in the Aborigines. Alcohol drinking has been associated with the risk for hypertension and CVD, and was considered a double-edged sword. 25 The differential effect of alcohol habit on hypertension prevalence in Mainland Chinese women, however, is still unclear.
Compared with the Mainland Chinese, the prevalence of hypertension and diabetes in the Minnan was closer to those of the Aborigines, suggesting similarity in two ethnic groups. In addition, a significant association between hypertension and central obesity was observed in both Aborigines and the Minnan. Genetic studies of distribution of human leukocyte antigen and haplotype frequencies in Taiwan reporting the intermixture between the Minnan and Aborigines may shed some light of their similarity in hypertension prevalence and risk factors. 2, 14 On the basis of a nationwide survey, this study examined the hypertension prevalence of a representative sample of the general adult population in Taiwan. Both population heterogeneity and phenotypic variations were taken into consideration in the interpretation of the in ethnic variation hypertension prevalence and its risk factors. The high prevalence of hypertension found in the Aborigines and the Minnan observed in this survey calls for special public health concerns on the hypertension prevention and control in these ethnic groups. Efforts of public health education focused on better dietary habits and lifestyle modifications are of important in the prevention and control of obesity and hypertension. 22, 23, 26 There are some limitations in this study. First, because the ethnic backgrounds were obtained from structured questionnaire, the real genetic markers for hypertension remain to be elucidated. The inference of genetic background as the reason for ethnic variations in hypertension prevalence may be intuitive; even some studies had reported significant genetic components in blood pressure traits. 10, 11 Second, the sample size in the Mainland Chinese was relatively small in comparison to the Minnan, the nonsignificant association between central obesity and hypertension may be due to the lack of adequate statistical power.
In conclusion, this study demonstrated a significant ethnic variation in hypertension prevalence of women in Taiwan. Further studies to delineate the genetic components responsible to the hypertension prevalence variations in different ethnic groups are warranted.
